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EXPANSION COMPENSATOR WITH
CONNECTORS

CROSS-REFERENCES TO RELATED
APPLICATION

This application claims the benefit of priority under 35
USC 119 from Canadian Patent Application No. 2,846,801,

filed on Mar. 17, 2014 entitled EXPANSION COMPENSA -
TOR WITH CONNECTORS, the specifications of which 1s

incorporated herein by reference 1n 1ts entirety.

FIELD

This disclosure relates generally to an expansion com-
pensator for connecting pipes and fittings that are used to
convey a fluid.

INTRODUCTION

Piping systems are used to convey liquids and/or gasses
within, or between, residential, commercial, and/or indus-
trial buildings. For example, most residential buildings have
a potable water distribution system for providing cold and/or
hot water at one or more locations within the building (e.g.
sinks, showers, dish or clothes washing machines).

Typically, piping systems are made up of a number of
components including straight or curved pipe sections, {it-
tings (e.g. elbow fittings), valves, etc. to provide an interior
flow path for the liquid being conveyed. Typically, a piping
system (such as a system comprising thermoplastic pipes), 1s
assembled such that the components are joined 1n a manner
that provides a durable connection that prevents or imhibits
the components from separating or cracking due to mechani-
cal, thermal, and/or hydraulic stresses applied to the piping
system. Separation of any of the components of the piping
system or cracking of any element of the piping system may
permit tluid to leak out of the piping system and, e.g.,
thereby damage the surrounding structure, e.g., the walls of
a building which enclose the piping system.

Thermoplastic pipes (such as polyvinyl chloride (PVC)
and/or chlorinated polyvinyl chloride (CPVC) pipes) may be
subject to thermal expansion and/or contraction after instal-
lation. For example, a length of a thermoplastic pipe used for
conveying fluid at an elevated temperature (e.g. hot water)
may be subject to axial expansion and/or contraction based
on the relative temperature of the fluid being conveyed, and
the ends of the pipe may exert an axial force (either
compressive or tensile) on the fittings, valves, or other parts
of the piping system to which they are connected. Typically,
hot water usage 1s intermittent. Therefore, hot water may be
conveyed through a pipe for a period of time thereby heating
the pipe. Subsequently, the flow of water will be terminated
and the water 1n the pipe will cool as heat 1s dissipated to the
ambient surrounding structure. This heating and cooling will
cause the pipe to expand and contract axially. This cycle may
be repeated several times a day or an hour. Continued
thermal cycling of thermoplastic pipes (e.g., PVC and/or
CPVC pipes) can result 1n a failure of the piping system and
result 1n a leak.

Further, in a high rise building, plastic pipes that are
mounted vertically to transport water between floors are
mechanically constrained in their mechanical positions due
to their mechanical attachment to transversely mounted
pipes that deliver water horizontally to the various rooms or
locations on the floors of the building. As such, when plastic
pipes such as those made of PVC and CPVC are heated by
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the water that they transport, significant forces are created
within the walls of the pipe due to the thermal expansion.

These forces may exceed the buckling strength of the pipes,
especially for pipe diameters under 6 inches, which may
cause the plastic pipes to bend and/or buckle. This stress
may result 1 a leak.

Once an 1nstallation 1s complete (e.g., the interior walls of
a building are finished or a piping system 1s buried under a
road), accessing the piping system to repair a leak 1s
typically time consuming and expensive.

SUMMARY

The following introduction 1s provided to introduce the
reader to the more detailed discussion to follow. The intro-
duction 1s not intended to limit or define any claimed or as
yet unclaimed invention. One or more mventions may reside
in any combination or sub-combination of the elements or
process steps disclosed 1n any part of this document 1nclud-
ing its claims and figures.

In one broad aspect, there 1s provided an expansion
compensator comprising an outer metal conduit and an 1nner
plastic liner wherein the 1inner plastic liner 1s secured to the
outer metal conduit such that the outer metal conduit sup-
ports the inner plastic liner and absorbs stresses imposed on
the mner plastic liner due to thermal cycling of the piping
system. At least one, and preferably each end of the outer
metal conduit and the 1nner plastic liner 1s provided with a
connector that may secure the outer metal conduit and the
iner plastic liner together to provide a unitary body (i.e., so
that together the outer metal conduit and the mner plastic
liner act as a single body).

An advantage of this design 1s that the fluid 1n the piping
system 15 exposed only to the inner plastic liner. Accord-
ingly, the outer metal conduit will not be exposed to the
fluid, e.g., water, which may cause the metal to corrode over
time. At the same time, the iner plastic liner 1s remforced
or supported by the outer metal conduit thereby reducing the
stress 1mposed on the mner plastic liner and reducing the
likelihood of the inner plastic liner cracking thereby result-
ing in a leak.

As exemplified herein, the expansion compensation may
be provided with a bellows or accordion section, which
defines an expansion/contraction section. By utilizing a
metal conduit that 1s secured to the inner plastic liner to
reinforce the nner plastic liner, the bellows section of the
inner plastic liner may be made of a thinner material which
increases the flexibility of the mner plastic liner and reduces
the likelihood of the inner plastic liner cracking over time
due to expansion and contraction caused by thermal cycling.

The expansion compensator may expand and/or contract
in response to an applied axial force (compressive or tensile)
that may arise from expansion and/or contraction of one or
more lengths of pipe. For example, one or more such
expansion compensators can be installed between a length of
pipe and a fitting so that the axial forces that may be imposed
on the pipe and/or the fitting due to thermal expansion and/or
contraction of the length of pipe may be reduced. For
example, these axial forces may be borne by, or primarily
borne by, or substantially borne by the expansion compen-
sator, and not by the pipe and/or the fitting.

In the case 1 a high rise bulding (as compared to a
house), each portion of the piping system that conveys hot
water to each floor will be subjected to thermal expansion
and contraction cycling. Without the use of an expansion
compensator, the total expansion which may occur in the
piping system carrying hot water to the top floor will be the
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agoregate of the expansion occurring for each floor of
vertical rise, which may prevent the use of plastic piping.

The pipe may be made of a plastic material known 1n the
piping arts. The plastic material may be a thermoplastic
material and may be one or more of acrylonitrile butadiene
styrene (ABS), PVC, CPVC, ethylene vinyl acetate (EVA),
polyethylene (PE), and the like. Preferred materials com-
prise PVC and/or CPVC.

An advantage of using such an expansion compensator 1s
that plastic piping may be used 1n installations requiring a
long run of piping, such as in a high rise building. By
providing an expansion compensator that will expand or
contract i length due to thermal heating and cooling of the
piping system, each fitting, e.g., a T-junction, may remain
essentially static thereby increasing the rehability of the
piping system and reducing the likelihood of a leak occur-
ring.

The connectors at each end of the expansion compensator
may be compatible with typical thermoplastic piping system
components (e.g., pipe ends; fittings such as valves, tees,
couplers, elbows and the like) to facilitate 1ts installation.
For example, the connectors may be configured to accept
typical pipe end dimensions, and for joining and/or sealing,
using typical means. Also, the expansion compensator may
have an inner plastic liner made from the same (or similar)
plastic material of the pipes to which it 1s to be 1nstalled, so
that a fluud flowing through a pipe and expansion compen-
sator will be 1n contact with the same (or similar) material
through both components.

In accordance with this broad aspect, there 1s provided an
expansion compensator comprising:

a) an elongate metal condwt having first and second
spaced apart ends, an mner surface, an outer surface,
and an expansion/contraction section;

b) an mner plastic liner positioned interior of the elongate
metal conduit and having first and second spaced apart
ends, an inner surface, an outer surface, an expansion/
contraction section, and an interior volume extending
from the first end to the second end:

c) a first connector provided at the first ends of the
clongate metal conduit and the 1nner plastic liner, the
first connector having a first portion secured to the
outer surface of the elongate metal conduit, a second
portion secured to the mner surface of the inner plastic
liner, and an opening in fluid communication with the
interior volume of the mner plastic liner; and,

d) a second connector provided at the second ends of the
clongate metal conduit and the 1nner plastic liner, the
second connector having a first portion secured to the
outer surface of the elongate metal conduit, a second
portion secured to the mnner surface of the mner plastic
liner, and an opening in fluid communication with the
interior volume of the mner plastic liner.

In some embodiments, each of the first and second ends
of the eclongate metal conduit may have a plurality of
openings therethrough and each of the connectors may
turther comprise a connecting portion that extends between
the first portion of the respective connector and the outer
surface of the inner plastic liner and passes through the
plurality of openings. An advantage of this design 1s that the
connector 1s embedded 1n the plastic and 1s securely fastened
to the opposed ends of the mnner plastic liner. The metal
conduit may accordingly absorb stresses imposed by thermal
cycling.

In some embodiments, the elongate metal conduit may
comprise at least an mmner and an outer elongate metal
conduit, the imner elongate metal conduit i1s positioned
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intermediate the outer elongate metal conduit and the 1nner
plastic liner, and each of the mner and outer elongate metal
conduits has first and second spaced apart ends, an 1nner
surface, an outer surface, and an expansion/contraction
section. An advantage of this design 1s that thinner metal
conduits may be used, each of which has increased flexibil-
ity. In addition, two outer layers are provided. Accordingly,
if one metal conduit were to crack, the other may continue
to provide an outer enclosing jacket to retain any fluid that
may leak should the inner plastic layer fail.

In some embodiments, the first and second ends of each
of the mner and outer elongate metal conduits may have a
plurality of openings therethrough and each of the connec-
tors may further comprise a connecting portion that extends
between the first portion of the respective connector and the
outer surface of the inner plastic liner and passes through the
plurality of openings of the inner and outer elongate metal
conduits.

In some embodiments, the expansion compensator may
further comprise a protective layer intermediate the inner
surface of the mner elongate metal conduit and the outer
surface of the mner plastic liner.

In some embodiments, the protective layer may be pro-
vided on the outer surface of the inner plastic liner and/or the
inner surface of the elongate metal conduat.

In some embodiments, the expansion/contraction sections
may comprise a bellows.

In some embodiments, the expansion/contraction sections
may abut each other.

In some embodiments, the expansion/contraction sections
may have a similar profile and are aligned.

In some embodiments, the expansion compensator may
turther comprise a protective layer provided intermediate the
iner surface of the elongate metal conduit and the outer
surface of the 1mner plastic liner.

In some embodiments, the protective layer may comprise:
a) a coating or a film applied to at least one of the 1nner
surface of the elongate metal conduit and the outer surface
of the mmer plastic liner; and/or b) the mner plastic liner
comprises a co-extruded body having the protective layer
formed as an outer co-extruded layer.

In some embodiments, the inner plastic liner may have a
generally uniform thickness.

In some embodiments, the expansion/contraction section
of the mner plastic liner may comprise a bellows comprising
in sequence a plurality of radially inner valleys and a
plurality of radially outer peaks, a portion of the inner plastic
liner defining the radial mmner valleys may have a greater
radial thickness then a portion of the inner plastic liner
defining the radial outer peaks.

In some embodiments, the first and second portions of the
first connector may define a generally U-shaped cavity 1n
which the first ends of the elongate metal conduit and the
inner plastic liner are located.

In some embodiments, the expansion compensator may
further comprise a gasket provided on the elongate metal
conduit and extending between the outer surface of the
clongate metal conduit and an 1nner surface of first portion
ol the first connector.

In some embodiments, each of the elongate metal conduit
and the inner plastic liner may have an axial stiflness and the
axial stiflness of the elongate metal conduit may be greater
than the axial stiflness of the mnner plastic liner.

In some embodiments, the expansion compensator may
further comprise at least one additional elongate metal
conduit and the elongate metal conduits have a combined
axial stiflness and the inner plastic liner has an axial stiflness
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and the combined axial stifilness of the eclongate metal
conduits may be greater than the axial stiflness of the inner

plastic liner.

In some embodiments, the expansion compensator may
turther comprise a thin elongate member positioned between
the outer surface of the iner plastic liner and the inner
surface of the elongate metal conduit.

In some embodiments, the expansion compensator may
turther comprise a longitudinally extending recess provided
in the nner wall of the elongate metal conduit.

In some embodiments, a lubricant may be provided
between the inner and outer elongate metal conduits.

In some embodiments, the expansion compensator may
turther comprise a sleeve, the sleeve having a generally
longitudinally extending outer surface and the elongate
metal layer 1s provided interior of the sleeve.

In some embodiments, a lubricant may be provided
between the sleeve and the elongate metal layer.

In some embodiments, the sleeve may further comprise
engagement members positioned to maintain sleeve 1s a
predetermined axial position along the expansion compen-
sator and to permit the expansion/contraction sections to
expand to a full design expansion length.

It will be appreciated by a person skilled in the art that a
method or apparatus disclosed herein may embody any one
or more of the features contained herein and that the features
may be used 1n any particular combination or sub-combi-
nation.

These and other aspects and features of various embodi-
ments will be described 1n greater detail below. The appa-
ratus and methods described herein may be used to connect
pipes and/or {ittings of various materials (e.g. metallic pipes,
thermoplastic pipes) to create piping systems for transport-
ing various liquids or gasses. It will be appreciated that the
piping system that uses the expansion compensator may be
made from different materials (e.g., the pipes may be made
of PVC and/or CPVC and the fittings may be made of
metal). Alternatively, the piping system components (or at
least their inner surfaces through which fluid 1s conveyed)
may be made of the same material.

Furthermore, the apparatus and methods may be applied
to different sizes of piping, and/or piping systems made of
the same or different materials, and therefore may be appli-
cable to piping systems for domestic or commercial uses,
such as conveying potable water, non-potable or waste
water, or other liquids and/or gasses.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the described embodiments
and to show more clearly how they may be carried into
ellect, reference will now be made, by way of example, to
the accompanying drawings 1 which:

FIG. 1A 1s a cross section view of an expansion compen-
sator 1n accordance with one embodiment;

FIG. 1B 1s an enlarged view of the box 1B 1n FIG. 1A of
the expansion compensator ol FIG. 1A;

FIG. 2 1s a cross section view of an end of the expansion
compensator of FIG. 1A joined to a pipe end;

FIG. 3A 1s a perspective view of an clongate metal
conduit and an inner plastic liner 1 accordance with the

embodiment of FIG. 1A;
FIG. 3B 1s an enlarged view of the box 1 FIG. 3A;

FIG. 3C 1s a perspective view of a two-layer elongate
metal conduit and an inner plastic liner in accordance with
another embodiment:

FIG. 3D 1s an enlarged view of the box in FIG. 3C;
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FIG. 3E 1s a perspective view ol a two-layer elongate
metal conduit, a protective layer, and an inner plastic liner in

accordance with another embodiment;

FIG. 3F 1s an enlarged view of the box i FIG. 3E;

FIG. 3G 1s a perspective view of a two-layer elongate
metal conduit, a protective layer, and a two-layer inner
plastic liner 1n accordance with another embodiment;

FIG. 3H 1s an enlarged view of the box 1n FIG. 3G;

FIG. 4A 1s a perspective view of the expansion compen-
sator of FIG. 1A with a sleeve;

FIG. 4B 1s a perspective view of the expansion compen-
sator of FIG. 1A with an alternate sleeve;

FIG. 5 1s an exploded view of the expansion compensator
of FIG. 4B:

FIG. 6 A 1s a perspective view of the expansion compen-
sator of FIG. 4B disposed between two pipe ends;

FIG. 6B 1s a perspective view of the expansion compen-
sator and pipe ends of FIG. 6 A with the pipe ends received
in the connectors of the expansion compensator;

FIG. 7A 1s a cross section view of FIG. 6B:

FIG. 7B 1s an enlarged view of the box 7B 1n FIG. 7A;

FIG. 7C 1s a cross section view of an alternate expansion
compensator with pipe ends received in the connectors of
the expansion compensator; and,

FIG. 7D 1s an enlarged view of the box 7D in FIG. 7C.

It will be appreciated that FIG. 5 1s for reference only, and
that 1t may not be possible to assemble and/or disassemble
expansion compensator 100 with the components 1n their
illustrated configurations.

The drawings included herewith are for illustrating vari-
ous examples of articles, methods, and apparatuses of the
teaching of the present specification and are not intended to
limit the scope of what 1s taught 1n any way.

DESCRIPTION OF EXAMPLE EMBODIMENTS

Various apparatuses, methods and compositions are
described below to provide an example of an embodiment of
cach claimed invention. No embodiment described below
limits any claimed invention and any claimed invention may
cover apparatuses and methods that differ from those
described below. The claimed inventions are not limited to
apparatuses, methods and compositions having all of the
features of any one apparatus, method or composition
described below or to features common to multiple or all of
the apparatuses, methods or compositions described below.
It 1s possible that an apparatus, method or composition
described below 1s not an embodiment of any claimed
invention. Any invention disclosed in an apparatus, method
or composition described below that 1s not claimed 1n this
document may be the subject matter of another protective
istrument, for example, a continuing patent application,
and the applicant(s), inventor(s) and/or owner(s) do not
intend to abandon, disclaim, or dedicate to the public any
such invention by 1ts disclosure 1n this document.

The apparatuses, methods and compositions may be used
with piping systems made of various maternals. The pipes
and/or fittings to be connected may be made of a plastic
material and optionally a thermoplastic material. The ther-
moplastic material may be one or more of acrylonitrile
butadiene styrene (ABS), PVC, CPVC, ethylene vinyl
acetate (EVA), polyethylene (PE) or the like. Preferably, the
thermoplastic material 1s one or more of PVC and CPVC.

The drawings exemplily the use of the expansion com-
pensator to connect sections ol pipe together. It will be
appreciated that the same expansion compensator may be
used to connect any parts of a piping system together. For
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example, the expansion compensator may be used to con-
nect a pipe with a fitting such as a valve, tees, couplers,
clbows and the like, or to connect one fitting with another
fitting.

Reference 1s now made to FIGS. 1A to 7D, which
exemplily different embodiments of an expansion compen-
sator 100. Expansion compensator 100 includes an elongate
metal conduit, referred to generally as 110, interior to which
1s positioned an mner plastic liner 120 that provides a fluid
flow path through the expansion compensator 100. Also, first
and second connectors 130A,B are provided at opposite
ends of the metal conduit and plastic liner. Connectors
130A.B may be used for coupling the expansion compen-
sator to a piping system, as will be discussed further
subsequently.

As shown 1n FIG. 1A, expansion compensator 100 com-
prises a first end 102, a second end 104, and an expansion/
contraction section 106. Expansion/contraction section 106
allows for the axial length of expansion compensator 100 to
vary 1n response to an applied axial force (either compres-
sive or tensile). For example, 11 the position of first end 102
1s fixed, and an axial force 1s applied to second end 104 1n
a direction towards first end 102, expansion/contraction
section 106 may contract in the axial direction, reducing the
axial length of expansion compensator 100. Also, 1f the
position of first end 102 1s fixed, and an axial force 1s applied
to second end 104 in a direction away from first end 102,
expansion/contraction section 106 may expand 1n the axial
direction, increasing the axial length of expansion compen-
sator 100. While expansion/contraction section 106 1s 1llus-
trated as a bellows section having a series of convolutions,
it will be appreciated that other geometric configurations
such as sinusoidal or otherwise articulated surface may be
used. These constructions permit the expansion compensator
to temporarnly deform (e.g., elastically deform) axially
inwardly and outwardly during thermal expansion and con-
traction of the piping system, without fracture of the expan-
s1on compensator.

The main body of expansion compensator 100 comprises
clongate metal condwt 110, within which 1s positioned 1nner
plastic liner 120. Such a multilayer structure may allow a
portion (preferably a substantial portion) of an applied axial
force to be borne by metal conduit 110, while inner plastic
liner 120 may provide a barrier between the metal conduit
and a fluid flowing through expansion compensator 100. For
example, mnner plastic liner 120 may protect metal conduit
110 from corrosive or otherwise reactive fluids, extending
the lifespan of metal conduit 110 and/or preventing portions
of metal conduit 110 from Ileaching nto fluids tlowing
through expansion compensator 100. Preferably, the expan-
sion compensator has an inner plastic liner made from the
same (or similar) thermoplastic material of the pipes to
which 1t 1s to be 1nstalled, so that a fluid flowing through a
pipe and expansion compensator will be 1n contact with the
same (or similar) material through both components.

Metal conduit 110 may be made from steel, copper, other
iron alloys, or any other metal used 1in the piping arts
although 1t will be appreciated that other metallic matenals
may be suitable. Preferably, metal conduit 110 1s made from
one or more layers of stainless steel, such as SS316L
stainless steel.

As exemplified in FIG. 3A, metal conduit 110 and 1nner
plastic liner 120 each comprise a single layer, together
forming a two-layer expansion compensator. For these
embodiments, the thickness of metal conduit 110 may be
from 0.005 to 0.050 inches, preferably from 0.010 to 0.020

inches, and more preferably from 0.012 to 0.016 1nches. The
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thickness of mner plastic liner 120 may be from 0.005 to
0.125 1inches, pretferably from 0.020 to 0.1 inches, and more
preferably from 0.040 to 0.090 inches.

It will be appreciated that metal conduit 110 and inner
plastic liner 120 may be abutting as exemplified 1in FIG. 3B
or they may be spaced apart. In some embodiments, 1n order
to reduce friction a lubricant may be provided between metal
conduit 110 and inner plastic liner 120. The lubricant may be
any lubricant that 1s compatible with the mner plastic liner
and metal conduit and may be talcum powder, powdered
Tetlon, powdered mica and the like.

It will also be appreciated that additional metal and/or
plastic layers may be provided. For example, as shown in
FIG. 3C and FIG. 1B, elongate metal conduit 110 may
comprise an mner elongate metal conduit 116 and an outer
clongate metal condwt 117, together with mner plastic liner
120 forming a three-layer expansion compensator. It will be
appreciated that mner elongate metal conduit 116, outer
clongate metal conduit 117 and inner plastic liner 120 may
be abutting as exemplified 1n FIG. 3D or they may be spaced
apart. In some embodiments, 1n order to reduce Iriction a
lubricant may be provided between inner elongate metal
conduit 116 and inner plastic liner 120.

In embodiments where metal conduit 110 comprises two
layers, the thickness of each metal conduit 116,117 may be
from 0.005 to 0.025 inches, preferably from 0.008 to 0.020
inches, and more preferably from 0.012 to 0.016 inches.

With continued reference to FIG. 1B, metal conduit 110
(1llustrated here as comprising an nner elongate metal
conduit 116 and an outer elongate metal conduit 117) has an
outer surface 112 and an inner surface 114. Inner surface 114
1s adjacent an outer surface 122 of inner plastic liner 120,
while inner surface 124 of inner plastic liner 120 defines the
interior volume of expansion compensator 100 between
connectors 130A.B.

Connectors 130A.B are provided at opposite ends of
expansion compensator 100 and may be configured or
adapted for coupling expansion compensator 100 to other
components of a piping system. For example, connectors
130A.B may comprise exterior and/or interior surface fea-
tures (e.g. threads, grooves, ridges, tabs), and may be
dimensioned to receive (and/or be received within) a number
of piping system components, such as pipes, fittings, valves,
and the like. Also, while connectors 130A.,B 1n the 1llustrated
embodiments are substantially similar to each other, 1t will
be appreciated that in alternative embodiments diflerent
connectors (e.g. for coupling to different sizes and/or types
of components) may be provided on opposite ends of the
same expansion compensator.

The apparatus exemplified uses an 1nsertion fit, 1.e., one
end of one part of a piping system 1s 1nserted into an open
end of another part of the piping system. For example,
connector 130A,B may be dimensioned to receive first and
second pipe ends 1nserted nto first end 102 and second end
104, respectively, of expansion compensator 100. Connector
130 may be configured such that an end of a pipe may be
inserted only up to a predetermined distance into connector
130. This may assist in aligning one or more features (e.g.
injection passages, grooves) ol the connector and/or the pipe
end with each other. Therefore, a stop member may be
provided inside connector 130. For example, as exemplified
in FIG. 1B, in some embodiments one or both connectors
130A.B may comprise an interior ridge 138 that provides an
abutment surface against which a pipe end inserted into the
respective connector 130A.B will abut when inserted a
predetermined distance, to assist 1 coupling expansion
compensator 100 to a pipe end, as shown 1n FIG. 2. It will
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be appreciated that interior ridge 138 may have a height that
1s stmilar to or the same as the thickness of the pipe inserted
into end 104. Accordingly, the cross sectional area of tlow
through the pipe and the end of the expansion compensator
1s generally the same.

Returming to FIG. 1B, each connector 130 i1s secured to
cach of metal conduit 110 and inner plastic liner 120 to
thereby secure metal conduit 110 and mner plastic liner 120
together. As exemplified, connector 130 has a first portion or
arm 132 secured to the outer surface 112 of elongate metal
conduit 110, and a second portion or arm 134 secured to the
inner surface 124 of inner plastic layer 120. In the 1llustrated
embodiment, first portion 132 and second portion 134 are
connected via an end portion 136, such that connector 130
defines a generally U-shaped cavity between portions 132,
134, and 136.

In some embodiments, as shown 1n FIG. 2 and FIG. 5, the
ends of metal conduit 110 may be provided with a plurality
of openings 118. These openings may assist 1n securing
connectors 130A,B to respective ends ol expansion com-
pensator 100. Also, engagement of connector 130 and open-
ings 118 1n metal conduit 110 may allow a greater portion of
an axial force applied to connector 130 to be transierred to
metal conduit 110, rather than to 1mner plastic liner 120.

For example, openings 118 may allow a portion of outer
portion 132 of connector 130 to project into metal conduit
110, which may provide a more robust connection between
metal conduit 110 and connector 130. These connecting
portions 133 extending through openings 118 may be pro-
vided by overmolding portions 132, 134, and 136 of con-
nector 130 onto the ends of metal conduit 110 and inner
plastic liner 120. An advantage of connecting portions 133
1s that connecting portions 133 extend at about 90° to the
axial forces that are expected to be exerted on expansion
compensator 100 by thermal cycling. Thus, the axial forces
that are applied to expansion compensator 100 may be
transferred to metal conduit 110 via connectors 130A.B, and
not via iner plastic liner 120.

An advantage of forming connecting portions 133 by
overmolding, 1s that portions 132, 134 of connector 130,
connecting portions 133 and inner liner 120 may be formed
essentially as a unitary body (e.g., the plastic that 1s used to
overmold will heat inner liner 120 and may melt a sutlicient
amount of inner liner 120 to be secured thereto). Metal
conduit 110 may therefore be embedded therein and securely
fixed 1n position and thereby be adapted to incur axial
stresses applied by thermal cycling.

Alternatively, connectors 130 may be formed with pro-
jections on the mner surface of first portion 132 sized and
located to be received 1n openings 118 and act as connecting
portions 133 when connector 130 1s mounted (e.g. press-fit
or snapped on to) an end 102, 104 of metal conduit 110. In
this latter case, the connecting portions 133 may be secured
to inner plastic liner 120 by, e.g., an adhesive, welding or the
like. Optionally, mner plastic liner 120 may be secured to
portions 134 of connector 130 in a similar manner.

Alternatively, or additionally, the ends of metal conduit
110 may be provided with one or more surface features (e.g.
radial ridges or grooves) to facilitate the installation of a
gasket between metal conduit 110 and outer portion 132 of
connector 130. For example, as shown 1n FIGS. 1B and 5,
a radial groove 119 may be provided on outer surface 112 of
an end of metal conduit 110, radial groove 119 being
configured to receive a gasket such as an O-ring 150. Such
a gasket may be provided to mimimize the chance of fluid
leaking from expansion compensator 100 via, e.g., a gap
between inner surface 124 of inner plastic liner 120 and
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second portion 134 of connector 130, between the ends of
metal conduit 110 and inner plastic liner 120 and end portion
136 of connector 130, and between outer surface 112 of
metal conduit 110 and first portion 132 of connector 130.
Radial groove 119 may assist in locating and retaining
O-ring 150 relative to the end of expansion compensator 100
as connector 130 1s mounted and/or molded to an end 102,
104 of metal conduit 110. It will be appreciated that a gasket
may be provided in the absence of a groove 119.

As noted previously, FIGS. 3A and C depict, respectively,
two-and three-layer expansion compensator bodies. I1 elon-
gate metal conduit 110 comprises inner clongate metal
conduit 116 and outer elongate metal conduit 117, then each
metal condwit 116, 117 may be provided with openings 118.
Accordingly, even i two metal conduits 116, 117 are used,
connecting portions 133 may extend from portion 132
through both metal condwts 116, 117 to be secured to inner
plastic liner 120, which 1tself may be secured to portion 134
of connector 130, such as by heating to form a unitary body,
an adhesive or the like.

It will be appreciated that expansion compensator 100
may comprise additional layers. For example, in FIG. 3E a
protective layer 170 1s disposed between metal conduit 110
(which itself comprises elongate metal conduits 116, 117)
and inner plastic liner 120. Protective layer 170 may serve
to reduce the friction between metal conduit 110 and inner
plastic liner 120 during expansion and/or contraction of
expansion compensator 100. Also, protective layer 170 may
provide an additional ‘failsafe’ layer to prevent leakage of
fluid from within expansion compensator 100 (e.g. should
one or more cracks develop 1n inner plastic liner 120 and/or
metal conduit 110).

Protective layer 170 1s located between metal conduit 110
and inner plastic liner 120 and may abut a surface or may be
spaced from the facing surfaces. It will be appreciated that
iner elongate metal conduit 116, protective layer 170 and
inner plastic liner 120 may be abutting as exemplified 1n
FIGS. 3E and 3F or they may be spaced apart.

Protective layer 170 may be provided: as a coating on
outer surface 122 of inner plastic liner 120; as a coating on
inner surface 114 of elongate metal conduit 110; and/or as a
separate layer positioned between metal conduit 110 and
inner plastic liner 120 during the manufacture of expansion
compensator 100. For example, inner plastic liner 120 may
comprise a co-extruded body having protective layer 170
formed as an outer co-extruded layer to mner plastic liner
120.

Preferably, protective layer 170 1s made from polytetra-
fluoroethylene (PTFE) or one or more other suitable fluo-
ropolymers, although 1t will be appreciated that other mate-
rials may be used.

FIG. 3G 1llustrates an embodiment where protective layer
170 1s disposed between metal conduit 110 (which itself
comprises elongate metal conduits 116, 117) and a two-layer
inner plastic liner 120 (comprising inner plastic layer 126
and outer plastic layer 127). As exemplified therein, outer
clongate metal conduit 117, inner elongate metal conduit
116, protective layer 170, inner plastic layer 126 and outer
plastic layer 127 may each be abutting as exemplified in
FIG. 3H or one or more may be spaced apart.

In embodiments where 1nner plastic liner 120 comprises
two layers (e.g., together forming a four-layer expansion
compensator as exemplified 1n FIG. 3G), the thickness of
cach plastic layer 126,127 may be from 0.005 to 0.075
inches, preferably from 0.020 to 0.050 inches, and more
preferably from 0.03 to 0.045 inches.
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As 1llustrated 1n FIG. 4A, expansion compensator 100
may be provided with a sleeve 140. Sleeve 140 may overlie
some and preferably all or essentially all of expansion/
contraction section 106 to protect against damage, restrain
deflection of expansion/contraction section 106 1n a radial or
lateral direction, and/or provide a distinctive aesthetic
appearance to expansion compensator 100. For example,
expansion/contraction section 106 of expansion compensa-
tor 100 may have a corrugated exterior surface. This surface
might get caught (which could cause damage to the expan-
s10n compensator) as a pipe with the expansion compensator
1s slid into position. Providing a sleeve 140 over some or all
ol expansion/contraction section 106 may assist the expan-
s1on compensator being placed 1s position. In addition, when
axially loaded, expansion/contraction section 106 of expan-
sion compensator 100 may tend to detlect laterally instead of
compress. Sleeve 140 may overlie some or all of expansion
compensator 100 so as to inhibit, and preferably, prevent,
lateral deflection under axial loading. In such a case, the
inner diameter of sleeve 140 1s preferably proximate that of
the outer diameter ol expansion/contraction section 106.

Sleeve 140 may have one or more tabs 144 or other
engagement means to retain 1t 1n a preset axial position about
expansion compensator 100. The engagement means permit
sleeve 140 to be retained 1n position while still allowing
expansion compensator 100 to expand and contract. Accord-
ingly, for example, tabs 144 may be positioned axially
outwardly from the axially opposed ends ol expansion/
contraction section 106 so as to permit expansion/contrac-
tion section 106 to expand and contract through 1ts entire
design distance without restriction. Accordingly, tabs 144
may be spaced sufliciently from the last ridge of expansion/
contraction section 106 (1.e. the ridge closes to the connec-
tor) such that, when fully expanded the ndge may at most
abut tab 144.

Alternatively, or additionally, sleeve 140 may have one or
more viewing ports 142 to allow for visual inspection of the
outer surface 112 of metal conduit 110 in the expansion/
contraction section 106. FIG. 4B illustrates an example
sleeve 140 without viewing ports 142.

Methods for manufacturing expansion compensator 100
are described in Canadian patent application numbers 2,847,
520 and 2,847,536 filed on Mar. 25, 2014and 1n U.S. patent
publication No. 2015/0273756A1, entitled METHODS OF
MANUFACTURING AN EXPANSION COMPENSATOR,
filed concurrently herewith, the disclosures of which are
incorporated herein by reference.

FI1G. 5 illustrates a sleeve guard 146 that may be disposed
between the outer surface 112 of metal conduit 110 and the
inner surface of sleeve 140, so as to reduce friction and/or
provide abrasion resistance between these components and/
or to reinforce sleeve 140 and/or to provide a sliding fit on
expansion/contraction section 106. It will be appreciated
that more (as shown in FIG. 7B) or fewer (as shown 1n FIG.
4A) sleeve guards may be provided.

Turning to FIG. 6 A, expansion compensator 100 1s shown
disposed between and aligned with pipe ends 10A,B. More
specifically, connector 130A 1s aligned with pipe end 10A,
and connector 130B 1s aligned with pipe end 10B. In the
illustrated embodiment, connectors 130A,B are dimen-
sioned to recerve therein, respectively, pipe ends 10A,B.
FIG. 6B shows expansion compensator 100 once 1t has been
coupled to pipe ends 10A,B. It will be appreciated that the
ends of connectors 130A.B may be configured to be con-
nected to a pipe end 10A,.B by any means known 1n the
piping arts.
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FIG. 7A shows a cross section view of expansion com-
pensator 100 coupled to pipe ends 10A.B. As discussed
above, expansion/contraction section 106 allows for the
axial length of expansion compensator 100 to vary 1n
response to an axial force (either compressive or tensile)
applied by pipe end 10A and/or 10B. For example, 11 thermal
expansion of one or both of the pipes 10 causes pipe ends
10A,B to attempt to move towards each other, the pipe ends
will exert a compressive force along the longitudinal axis of
expansion compensator 100. Such a compressive force may
be exerted (or imposed) on expansion compensator 100 by
a p1ping system 1n response to water having a temperature of
from about 55° C. to about 85° C. flowing through the piping
system. In response to such an applied force, expansion/
contraction section 106 may contract 1n the axial direction,
reducing the axial length of expansion compensator 100.
The amount of contraction of expansion compensator 100
will depend on the amount of the applied compressive force,
and the axial stiflness of expansion compensator 100.

As another example, 11 thermal contraction of one or both
of the pipes 10 causes pipe ends 10A,B to attempt to move
away from each other, the pipe ends may exert a tensile force
along the longitudinal axis of expansion compensator 100.
In response to such an applied force, expansion/contraction
section 106 may expand in the axial direction, increasing the
axial length of expansion compensator 100. Again, the
amount of expansion of expansion compensator 100 will
depend on the amount of the applied tensile force, and the
axial stifiness of expansion compensator 100.

It will be appreciated that the stiflness of expansion
compensator 100 may vary based on the number of metal
layers 1mn metal conduit 110, the particular metal or metals
used, the thickness of each metal layer, and/or the geometry
of metal conduit 110. The stiflness of expansion compen-
sator 100 may also depend on the number of layers 1n 1nner
plastic liner 120, the particular plastic or plastics used, the
thickness of each plastic layer, and/or the geometry of inner
plastic liner 120.

It will be appreciated that since metal conduit 110 1s
secured 1n position with respect to plastic liner 120 by
connectors 130, at least some of the compressive or expan-
sive force exerted by pipes 10 on expansion compensator
100 will be transmitted to metal conduit 110. If metal
conduit 110 has a greater stifiness than plastic liner 102, then
a majority of the compressive or expansive force exerted by
pipes 10 on expansion compensator 100 may be transmitted
to metal conduit 110 via connectors 130, and the stress
absorbed by plastic liner 120 may accordingly be reduced.

It will also be appreciated that the overall stiflness of
expansion compensator 100 may be selected based on the
forces expected to be imposed by a piping system into which
it 1s 1nstalled, so as to reduce the stress in the piping system
components. For example, an expansion compensator 100
with a relatively lower overall stiflness may compress or
expand more easily 1n response to an applied force than an
expansion compensator 100 with a relatively higher overall
stiflness. Providing a more pliant expansion compensator
100 may allow greater axial deformation (e.g. expansion or
contraction) of piping system components in response to
expected thermal changes, which may reduce the internal
stress 1n these components.

As noted above, expansion/contraction section 106 1is
generally illustrated as a bellows section having a series of
convolutions. While the expansion/contraction sections of
metal conduit 110 and inner plastic liner 120 are shown with
complementary profiles (e.g. each have a similar profile, and
these profiles are aligned), it will be appreciated that that this
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need not be the case. For example, metal conduit 110 and
inner plastic liner 120 may have different profiles and/or the
profiles need not be aligned.

Alternatively, or additionally, while outer surface 122 of
iner plastic liner 120 1s illustrated as being 1n contact with
(e.g. abutting) inner surface 114 of metal condwit 110, 1t wall
be appreciated that in some embodiments, an air gap may be
present along all or part of the length of expansion com-
pensator 100.

Alternatively, or additionally, inner plastic liner 120 may
not have a uniform radial thickness. For example, as shown
in FIG. 7B, where expansion/contraction section 106 com-
prises an alternating series of radially outer peaks 160A,B,C
and radially 1nner valleys 162A,B,C, the radial thickness T,
of inner plastic liner 120 at the radially outer peaks 160A,
B,C may be less than the radial thickness T, of inner plastic
liner 120 at the radially inner valleys 162A,B,C. Such
variations 1n thickness may arise, for example, where a
plastic cylinder of substantially uniform thickness i1s posi-
tioned within metal condut 110, heated, and then expanded
outwards against mnner surface 114 of metal conduit 110.
Also, mnner plastic liner 120 may be expected to experience
more erosion or wear at radially mner valleys 162A,B,C as
compared with portions of iner plastic liner 120 at radially
outer peaks 160A,B,C, as radially iner valleys 162A,B,C
may be exposed to higher velocity tlows of fluid through
expansion compensator 100. Accordingly, providing
increased thickness at portions of inner plastic liner 120 that
are expected to experience higher erosion or wear may
extend the operating lifespan of expansion compensator 100.

In some embodiments, the ratio of the radial thickness T,
to the radial thickness T, may be up to about 2:1, or up to
about 3:1, or up to about 4:1. For example, the radial
thickness T, of inner plastic liner 120 at the radially outer
peaks 160A.B,C may be about 0.040 inches, and the radial
thickness T, of inner plastic liner 120 at the radially inner
valleys 162A.,B,C may be about 0.080 inches (1.e. the ratio
of T,-to T, 1s about 2:1).

Alternatively, as shown in FIGS. 7C and 7D, the radial
thickness T, of inner plastic liner 120 1n radially outer peaks
160A.B,C may be substantially equal to the radial thickness
T, of inner plastic liner 120 1n radially inner valleys 162A,
B,C. Such a uniform thickness for inner plastic liner 120
may be achieved, for example, by expanding a plastic
cylinder of non-uniform thickness outwardly against inner
surface 114 of metal conduit 110 or using the 1mnner surface
of metal conduit as an interior mold surface. Providing a
generally umiform thickness for inner plastic liner 120 may
assist 1n predicting and/or controlling the axial stiflness of
inner plastic liner 120, and thus the overall axial stifiness of
expansion compensator 100. For example, the radial thick-
ness T, of mner plastic liner 120 at the radially outer peaks
160A.B,C may be about 0.060 inches, and the radial thick-
ness T, of inner plastic liner 120 at the radially inner valleys
162A.B,C may be about 0.060 inches (i.e. the ratio of T to
T, 1s about 1:1).

As used herein, the wording “and/or” 1s intended to
represent an inclusive - or. That 1s, “X and/or Y™ 1s intended
to mean X or Y or both, for example. As a further example,
“X, Y, and/or Z” 1s mtended to mean X or Y or Z or any
combination thereof.

While the above description describes features of example
embodiments, 1t will be appreciated that some features
and/or functions of the described embodiments are suscep-
tible to modification without departing from the spirit and
principles of operation of the described embodiments. For
example, the various characteristics which are described by
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means of the represented embodiments or examples may be
selectively combined with each other. Accordingly, what has
been described above 1s intended to be illustrative of the
claimed concept and non-limiting. It will be understood by
persons skilled i the art that other variants and modifica-
tions may be made without departing from the scope of the
invention as defined 1n the claims appended hereto. The
scope of the claims should not be limited by the preferre

embodiments and examples, but should be given the broad-
est interpretation consistent with the description as a whole.

The mvention claimed 1s:

1. An expansion compensator comprising:

a) an elongate metal conduit having first and second
spaced apart ends, an inner surface, an outer surface, an
expansion/contraction section, and a longitudinally
extending axis;

b) an 1nner plastic liner positioned 1nterior of the elongate
metal conduit, extending 1n a direction of the longitu-
dinally extending axis, and having first and second
spaced apart ends, an 1nner surface, an outer surface, an
expansion/contraction section, and an interior volume
extending from the first end to the second end;

¢) a first connector having an axially mnward end and an
axially outward end, the first connector being provided
at the first ends of the elongate metal conduit and the
inner plastic liner, the first connector having a first
portion extending in the direction of the longitudinally
extending axis that 1s secured to the outer surface of the
clongate metal conduit, a second portion extending 1n
the direction of the longitudinally extending axis that 1s
secured to the inner surface of the inner plastic liner,
wherein the axially outer end of the first connector joins
the first and second portions of the first connector
together at a location axially outward of the first ends
of the elongate metal conduit and the 1nner plastic liner,
and the axially outer end of the first connector having
an opening 1n fluid communication with the interior
volume of the inner plastic liner;

d) a second connector having an axially inward end and
an axially outward end, the second connector being
provided at the second ends of the elongate metal
conduit and the inner plastic liner, the second connector
having a first portion extending in the direction of the
longitudinally extending axis that 1s secured to the
outer surface of the elongate metal conduit, a second
portion extending in the direction of the longitudinally
extending axis that 1s secured to the inner surface of the
inner plastic liner, wherein the axially outer end of the
second connector joins the first and second portions of
the second connector together at a location axially
outward of the first ends of the elongate metal conduit
and the 1nner plastic liner, and the axially outer end of
the second connector having an opening in fluid com-
munication with the interior volume of the inner plastic
liner;

¢) a gasket provided on the elongate metal conduit and
extending between the outer surface of the elongate
metal conduit and an 1nner surface of first portion of the
first connector,

wherein each of the first and second ends of the elongate
metal conduit has a plurality of openings therethrough
and each of the first and second connectors further
comprise a plurality of connecting portions that extends
in a direction transverse to the longitudinally extending
ax1is of the inner plastic liner between the first portion




US 9,927,053 B2

15

ol the respective connector and the outer surface of the
mner plastic liner and passes through the plurality of
openings.

2. The expansion compensator of claim 1 wherein the
clongate metal conduit comprises at least an mner and an
outer elongate metal conduit, the inner elongate metal con-
duit 1s positioned intermediate the outer elongate metal
conduit and the inner plastic liner, and each of the inner and
outer elongate metal conduits has first and second spaced
apart ends, an inner surface, an outer surface, and an
expansion/contraction section.

3. The expansion compensator of claim 2 wherein the first
and second ends of each of the mner and outer elongate
metal conduits have a plurality of openings therethrough and
cach of the first and second connectors further comprises a
connecting portion that extends between the first portion of
the respective connector and the outer surface of the inner
plastic liner and passes through the plurality of openings of
the 1ner and outer elongate metal conduits.

4. The expansion compensator of claim 1 wherein the
expansion/contraction sections comprise a bellows.

5. The expansion compensator of claim 1 wherein the
expansion/contraction sections abut each other.

6. The expansion compensator of claim 1 wherein the
expansion/contraction sections have a similar profile and are
aligned.

7. The expansion compensator of claim 1 wherein the
inner plastic liner has a generally uniform thickness.
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8. The expansion compensator of claim 1 wherein the
expansion/contraction section of the inner plastic liner com-
prises a bellows comprising in sequence a plurality of
radially inner valleys and a plurality of radially outer peaks,
a portion of the mner plastic liner defining the radial inner
valleys having a greater radial thickness then a portion of the
inner plastic liner defining the radial outer peaks.

9. The expansion compensator of claim 1 wherein the first
and second portions of the first connector defines a generally
U-shaped cavity in which the first ends of the elongate metal
conduit and the inner plastic liner are located.

10. The expansion compensator of claim 1 wherein each
of the elongate metal conduit and the mner plastic liner have
an axial stiflness and the axial stiflness of the elongate metal
conduit 1s greater than the axial stifiness of the inner plastic
liner.

11. The expansion compensator of claim 1 further com-
prising at least one additional elongate metal conduit and the
clongate metal conduits have a combined axial stifiness and
the 1mnner plastic liner has an axial stiflness and the combined

axial stiflness of the elongate metal conduits 1s greater than
the axial stifiness of the inner plastic liner.

12. The expansion compensator of claim 1 further com-
prising a longitudinally extending recess provided in the
inner surface of the elongate metal conduit.
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